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An instrument for detecting partial electric discharges
includes: an input stage set up to receive a discharge signal
representative of one or more partial discharge pulses and a
sync signal representative of an alternating voltage applied to
the electric apparatus; a data processing stage for receiving
the discharge signal and the sync signal, and extracting sub-
stantially in real time for each pulse detected the value of an
amplitude parameter, correlated with a pulse amplitude, and
the value of a phase parameter, representative of the phase of
the voltage applied to the electric apparatus concurrently with
the pulse, and transferring to output a processed digital signal
including the values extracted. The processing stage includes
a filtering module set up to disable substantially in real time
the transfer to output of the values of the parameters extracted
for one or more pulses.
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1
INSTRUMENT AND METHOD FOR
DETECTING PARTIAL ELECTRIC
DISCHARGES IN AN ELECTRIC APPARATUS

TECHNICAL FIELD

This invention relates to an instrument and a method for
detecting partial electric discharges in an electric apparatus.

BACKGROUND ART

This invention relates to the technical field of diagnosing
electrical systems (particularly high-voltage systems) by
detecting and then processing partial electrical discharges.

It should be noted that a partial discharge is an electric
discharge limited to a portion of the insulation of an electrical
system and does not therefore cause immediate failure of the
system but its gradual degradation. By their very nature,
therefore, partial discharges are substantially limited in extent
to a defect in the insulating system.

In light of this, diagnostic methods based on the detection
and interpretation of partial discharges are among the most
promising and widely studied in the context of scientific
research since the study of partial discharges makes it pos-
sible to investigate the nature of defects in the insulating
system where the discharges occur.

The detection and subsequent processing of partial dis-
charges for diagnostic purposes, however, has not yet become
a standard industrial tool for planning the maintenance and/or
substitution of high-voltage electrical components on
account of the difficulties encountered in interpreting the
results of measurements.

As regards the detection of partial discharges, several
methods have been developed, based on the use of different
physical phenomena associated with discharges, such as, for
example, methods of optical, acoustic and electrical type.

This invention relates in particular but not exclusively to
detection methods of the electrical type which, as is known,
involve measuring the current pulses that travel a detection
circuit coupled to the electrical system being checked.

These detected current pulses (hereinafter referred to, for
convenience, as discharge pulses) have a time profile that
depends on the dynamics of the partial discharges (that is, on
the physics of the discharge phenomena) and on the nature of
the means which the detected pulses cross as they travel from
the discharge site (where the discharges occur) to the detec-
tion site.

The time profile of the discharge pulses, consisting of the
waveform of the pulses themselves, contains precious diag-
nostic information regarding both the physical phenomena
associated with the discharges (correlated with the nature of
the defects of the insulating system) and the nature of the
medium which the detected pulses travel through (correlated
with the location of the defects in the insulating system).

When measuring partial discharges, it is important to
assign to each signal detected a value of a phase parameter
representative of the phase of the voltage applied to the elec-
tric apparatus at the time of detecting the signal (for example
using a sync probe positioned along the electric apparatus).

It should be noted that by assigning such a value it is
assumed that the electric apparatus is subjected to alternating
current (AC) voltage. In effect, according to a known tech-
nique, the phase angle of the voltage at the time a signal is
detected is measured and that angle is assigned to the signal
itself.

The phase parameter is commonly used in combination
with an amplitude parameter (correlated with the intensity of
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the discharge pulses detected) in order to interpret the partial
discharge measurement data for diagnostic purposes.
In effect, it is known that the discharge pulses lying in a
plane having as its coordinates the amplitude and phase
parameters form a pattern (also known as PRPD pattern, or
Phase Resolved Partial Discharge pattern) which well repre-
sents the nature of the discharge site, that is, of the defect
where the partial discharges occur.
As to the difficulties of interpreting the results of partial
discharge measurements, these depend not only on the need
to have experience and a specific case history but also on the
fact that the measured data may be unreliable or insignificant.
In light of this, the problems that invalidate diagnostics
based on the measurement of partial discharges are essen-
tially of two kinds:
during detection of the signals associated with the partial
discharges, information essential for subsequent pro-
cessing of the signals themselves for diagnostic pur-
poses may be lost (loss of information might consist, for
example, of failure to detect a pulse, or assigning to a
certain partial discharge activity a signal from another
source or relating to a different discharge activity);

during such detection, noise may be superposed on the
discharge signals or the signals from different sources
may be superposed on each other, thus making it objec-
tively difficult to interpret the results since it is impos-
sible to perform significant statistical processes on data
which is not uniform and/or not pertinent to the indi-
vidual partial discharges to be processed.

As regards the loss of information during detection, it
should be noted that signals associated with partial discharges
are electric pulses having a very high frequency content (with
leading edges in the order of nanoseconds or dozens of nano-
seconds) and, in some cases, have a relatively high repetition
frequency (for example hundreds or thousands of pulses per
second).

Thus, with regard to the instrument used to detect the
signals associated with the partial discharges, the problem is
that of capturing very rapidly and efficiently electrical signals
having a high frequency content, while maintaining the infor-
mation content of the signals as much as possible. Further-
more, the instrument should allow the significant diagnostic
signals to be effectively separated from noise or other
“unwanted” signals.

The solution to the above mentioned problems is particu-
larly difficult if we consider the need to detect the partial
discharges and to process the state of the electric system in
unattended manner or with the minimum of operator inter-
vention (in some cases, such as online monitoring systems,
there is no operator at all).

In practice, if unwanted signals (for example, signals asso-
ciated with noise or discharge activities outside the measuring
instrument) are superposed on the partial discharge activities
to be detected, there is the risk that many of the discharge
signals to be detected will remain undetected by the instru-
ment, especially if the repetition rate of the unwanted signals
is very high.

In the context of partial discharge detection instruments
currently in use, known in the prior art (from document
W02007/144789 in the name of the same Applicant as this
invention) is the employment of dedicated hardware config-
ured to detect the discharge signals and to extract the pertinent
parameters from them in real time.

In particular, that instrument comprises:

an input stage set up to receive a discharge signal repre-

sentative of one or more partial discharge pulses and a
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sync signal representative of an alternating voltage
applied to the electric apparatus;

an output stage set up to transfer data in digital form to the
output from the instrument;

a data processing stage connected both to the input stage
and to the output stage for receiving the discharge signal
and the sync signal, and extracting substantially in real
time for each pulse detected the value of an amplitude
parameter correlated with a pulse amplitude, and the
value of a phase parameter representative of the phase of
the voltage applied to the electric apparatus concurrently
with the pulse, and transferring to the output stage a
processed digital signal comprising the values extracted.

This instrument therefore increases detection speed con-
siderably.

It does not, however, fully solve the above mentioned prob-
lems.

In effect, unwanted signals with particularly high repeti-
tion rates are sometimes superposed on the discharge activi-
ties to be monitored. Indeed, in some cases, the unwanted
signals have a waveform that is similar to (or at least easily-
mistaken for) that of the signals to be detected.

Document WO2007/144789 also describes a conditioning
element designed to digitally filter the processed signal as a
function of the derived values.

The conditioning element filters the measured signal
according to predetermined parameters (correlated with diag-
nostic processes on the electrical system based on the pro-
cessing of the partial discharge activity).

More specifically, W02007/144789 describes how the
conditioning element advantageously makes it possible to
reject noise or select pulses belonging to a given discharge
phenomenon with respect to other superposed pulses, in real
time, on the basis of the waveform of the signals.

Document W0O2007/144789, however, provides no further
indication on how the conditioning element is made and
works.

More specifically, WO2007/144789 does not provide any
teachings or suggestions on possible filtering strategies, but
very simply and generically refers to a possibility of selecting
some pulses and rejecting others based on the waveform of
the signals detected.

Furthermore, during the monitoring of a partial discharge
activity, it is often necessary to focus on the signals relating to
a predetermined discharge activity (correlated with a corre-
sponding defect in the insulating system being checked)
ignoring all other signals.

This problem is neither tackled nor solved by WO2007/
144789.

Document W02009/013639, in the name of the same
Applicant as this invention, regards a method for detecting,
identifying and locating partial discharges occurring at a dis-
charge site along an electric apparatus such as, for example, a
cable.

According to that document, the signals are separated as a
function of detected parameters. Separation does not, how-
ever, take place in real time, when the signals themselves are
detected, but during a subsequent step of processing data
which has been stored.

Hence, the method of document W0O2009/013639 does not
allow real time filtering but aims to identify a strategy for
locating the discharge sources based on the processing of data
groups acquired on different sections of the electric apparatus
being checked.

Further, document EP1094323 discloses a method and a
system for identifying the source of a partial discharge activ-
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ity by processing previously stored data, in particular using
mathematical algorithms based on fuzzy logic.

That document does not regard either real-time detection
or real-time filtering of the signals.

Thus, even document EP1094323 does not tackle the above
mentioned problems.

AIM OF THE INVENTION

This invention has for an aim to provide an instrument and
amethod for detecting partial electric discharges in an electric
apparatus and which overcome the above mentioned disad-
vantages of the prior art.

More specifically, this invention has for an aim to provide
an instrument and a method for detecting partial electric
discharges capable of detecting the signals to be measured in
aparticularly efficient manner, even in the presence of simul-
taneous and particularly frequent unwanted signals.

Another aim of the invention is to provide an instrument
and a method for detecting partial electric discharges which
can optimize the calculation resources for detecting and pro-
cessing the signals to be measured and dedicating a minimum
amount of resources to the unwanted signals.

Another aim of the invention is to provide an instrument
and a method for detecting partial electric discharges which
are particularly simple and convenient to use even for non-
specialist personnel.

Another aim of the invention is to provide an instrument
and a method for detecting partial electric discharges which
make it possible to focus on the signals relating to one or more
predetermined discharge activities (correlated with corre-
sponding defects in the insulating system being checked)
preventing detection of all other signals, for example during
the monitoring of partial discharges that occur in an electric
apparatus.

The above aims are fully achieved by the instrument
according to this invention as characterized in the appended
claims and which is characterized, in particular, in that the
processing stage comprises a filtering module designed to
enable or disable, substantially in real time, the transfer to
output of the parameter values extracted for one or more
pulses, as a function of comparing the extracted values for the
amplitude and phase parameters with predetermined refer-
ence values for the same amplitude and phase parameters.

The method according to this invention comprises the fol-
lowing steps:

receiving at an input stage a discharge signal representative

of one or more partial discharge pulses and a sync signal
representative of an alternating voltage applied to the
electric apparatus;

processing the discharge signal and the sync signal sub-

stantially in real time, that is to say, without the need to
archive data in a memory, in order to extract in real time
for each pulse detected the value of an amplitude param-
eter, correlated with a pulse amplitude, and the value of
a phase parameter, representative of the phase of the
voltage applied to the electric apparatus concurrently
with the pulse;

transferring to output a processed digital signal comprising

the values extracted.

This method is characterized in that the processing step
comprises the following steps:

comparing the values extracted for the amplitude and phase

parameters with the predetermined reference values for
the amplitude and phase parameters;
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enabling or disabling substantially in real time the transfer
to output of the values of the parameters extracted for the
pulses as a function of the comparison.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more
apparent from the following description of a preferred, non-
limiting embodiment of it, with reference to the accompany-
ing drawings, in which:

FIG. 1 is a functional diagram of the instrument according
to the invention;

FIG. 2 shows a PRPD pattern displayed by the instrument
of FIG. 1;

FIG. 3 shows the TW pattern displayed by the instrument
of FIG. 1, corresponding to the pattern of FIG. 2;

FIG. 4 shows the PRPD pattern of FIG. 2, with the instru-
ment operating in the mode with the filters activated;

FIG. 5 shows the TW pattern displayed by the instrument
of FIG. 1, corresponding to the pattern of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The numeral 1 in the accompanying drawings denotes an
instrument for detecting partial electric discharges in an elec-
tric apparatus.

The electric apparatus is any electric apparatus comprising
an insulating system to be diagnosed by measuring and anal-
ysing partial discharge activities taking place within the insu-
lating system itself.

More specifically, during measurement of the partial dis-
charges, it is assumed that the electrical apparatus (or rather,
the insulating system of the electrical apparatus) is subjected
to alternating current voltage (50 Hz in the example illus-
trated).

The fact that the electrical apparatus is subjected to alter-
nating current voltage (typically sinusoidal) makes it possible
to assign to each signal detected the value of a phase param-
eter given by the phase of the voltage applied to the electrical
apparatus at the instant the signal is detected and hence rep-
resentative of the value of the voltage applied to the electrical
apparatus at the instant the signal is detected.

In light of this, the instrument 1 comprises an input stage 2
set up to receive a discharge signal 3 representative of one or
more partial discharge pulses and a sync signal 4 representa-
tive of an alternating voltage applied to the electric apparatus.

For example, the sync signal 4 is picked up by a capacitive
divider or other known system.

The instrument 1 also has an output stage 5 set up to make
available, that is output, data in digital form from the instru-
ment 1.

The instrument 1 further comprises a data processing stage
6 connected both to the input stage 2 and to the output stage 5
for receiving the discharge signal 3 and the sync signal 4.

The processing stage 6 is designed to generate a digital
representation of the (analogue) discharge signal 3 received
as input.

Preferably, the input stage is designed to generate a digital
representation of the full waveform of the pulses, in order to
output a digitized discharge signal representative of the full
waveform of the pulses contained in the discharge signal 3.

It should be noted that the discharge signal 3 is picked up by
the instrument 1 through a sensor according to a per se known
method.

The processing stage 6 is configured to extract the value of
predetermined parameters substantially in real time for each
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pulse detected and to transfer to the output stage 5 a processed
digital signal 7 comprising the values extracted for those
parameters.

More specifically, the processing module 6 is configured to
extract (substantially in real time) for each pulse detected, the
values at least of the following parameters:

an amplitude parameter g, correlated with an amplitude of
the pulse;

a phase parameter f, representative of the phase of the
voltage applied to the electrical apparatus concurrently
with the pulse.

The amplitude of the pulse is correlated, for example, with
the peak intensity of the pulse or with the effective value of the
same, and is normally measured in V or pC.

The pulse phase is measured in degrees and varies between
0 and 360.

Preferably, the processing stage 6 is designed to extract
other parameters, in addition to the amplitude parameter q
and the phase parameter f.

More specifically, the processing stage 6 is designed to
receive the digitized discharge signal and, for each pulse
detected, to extract substantially in real time the value of at
least one shape parameter correlated with the waveform of the
pulse.

More preferably, the processing stage 6 is designed to
extract (substantially in real time), for each detected pulse of
the digital discharge signal, the value of a first shape param-
eter W, correlated with the frequency content of the pulse, and
of'a second shape parameter T, correlated with the duration of
the pulse.

It should be noted that, for deriving the above mentioned
shape parameters, the processing stage 6 is preferably pro-
grammed to operate as follows:

the first shape parameter W is derived as standard deviation
of the partial discharge pulse processed in the frequency
domain;

the second shape parameter T is derived as standard devia-
tion of the partial discharge pulse processed in the time
domain.

Preferably, the processing stage 6 is designed to also

extract the following parameters:

detection instants (for each pulse detected), referenced
both to an absolute reference (for example a GPS syn-
chronization system) and to a reference instant for the
start of an acquisition (by acquisition is meant detection
of a plurality of pulses protracted for a predetermined
time, or detection of a predetermined number of pulses);

repetition rate of the pulses detected per unit of time.

Thus, the processed digital signal 7 preferably comprises
the values extracted for these parameters.

The extraction of the parameters occurs substantially in
real time, that is to say, without the need for an intermediate
data storage memory.

More specifically, as regards the expressions “in real time”
and “storage memory” attention is drawn to the following.

The expression “processing of a data item in real time” is
used to mean that, within a data flow (for example from an
input to an output), that data item is processed substantially
without the process involving an interruption in the data flow.
For example, the fact of placing the data item in a memory
(potentially for an indefinite length of time) for subsequent
retrieval and processing at any later time constitutes an inter-
ruption in the data flow and, hence, data storage. By “storage
memory” is precisely meant a memory designed to (that is to
say, amemory controlled, in terms of hardware, in such a way
as to) contain a data item for a potentially indefinite time for
subsequent retrieval (at any time) and processing. In light of
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this, it should be noted that a mass storage memory, such as
the hard disk of a computer, for example, is typically a storage
memory, while a RAM may, depending on how it is con-
trolled, constitute a storage memory (as defined above) or,
alternatively, a buffer (temporary memory), that is, a means of
slowing down the data flow (at a certain point along the path
followed by the data from input to output) but without inter-
rupting it. Thus, by “processing in real time” is meant that
processing occurs during the passage of the data from an input
to an output in a substantially continuous flow, where the data
flow can be slowed down by temporarily accumulating the
data in a substantially volatile memory.

According to the invention, the processing stage 6 com-
prises a filtering module 8 designed to disable, substantially
in real time, the transfer to output (that is, to the output stage
5) of the data relating to (that is of the parameter values
extracted for) one or more pulses, as a function of comparing
the extracted values for the amplitude parameter q and the
phase parameter f with predetermined reference values for
said amplitude and phase parameters.

Preferably, the filtering module 8 is designed to disable
substantially in real time the transfer to output of the values of
the parameters extracted for all the pulses whose extracted
amplitude and phase parameter values lie in a reference plane
(9-f) having as its coordinates the phase and amplitude
parameters inside or outside a filtering area defined by the
reference values of the phase and amplitude parameters.

It should be noted that the expression “inside or outside a
filtering area” is used to mean inside or, alternatively, outside
that filtering area.

That way, the processed digital signal 7 made available at
the output of the instrument 1 is free of data corresponding to
the unwanted pulses, as a function of a filtering criterion
based on the comparison between the values of certain param-
eters (in particular, amplitude q and phase f) for those pulses
and the reference values of the parameters themselves.

It should be noted that the filtering module 8 comprises a
chip which can be configured to define a filtering logic.

The filtering module is also equipped with interfacing
means 9 through which the user of the instrument 1 can set or
modify the control logic and/or the reference values of the
parameters used for filtering.

For example, the filtering module 8 comprises an FPGA 10
(Field Programmable Gate Array) and a DSP connected to
each other.

The FPGA 10 constitutes a memory containing the data
relating to the filtering parameter reference values and the
type of filtering logic. Further, the FPGA receives as input the
digital signal containing the filtering parameter values and
outputs the filtered signal, that is, the signal without the data
relating to the pulses whose filtering parameter values do not
satisfy the filtering criteria.

The DSP constitutes the interfacing means.

It should be noted that the filtering module 8 might also be
made according to alternative embodiments. For example, an
FPGA that also integrates the functions of the DSP might be
used (in that case the DSP is not present). Alternatively to the
FPGA, a dedicated chip, such as, for example, an ASIC (Ap-
plication Specific Integrated Circuit), might be used.

More specifically, the reference values for the amplitude
and phase parameters define at least one filtering area in the
reference plane g-f having as its coordinates the phase and
amplitude parameters.

In light of this, the filtering logic establishes whether dis-
abling (that is, inhibition) of transfer to output of the extracted
parameter values occurs for the pulses whose extracted
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amplitude and phase parameter values lie inside or outside the
filtering area of the representation plane g-f.

In other words, depending on the filtering logic, the instru-
ment 1 makes it possible to acquire (and hence make available
at output) only the pulses which, in the representation plane
g-f, lie inside or, alternatively, outside the filtering area
defined by the predetermined reference values of the ampli-
tude q and phase f parameters.

It should be noted that the processing stage 6 is designed to
extract the parameters used for filtering to a first block 6 A of
the processing stage and the other parameters (not used in the
filtering module 8) to a second block 6B of the processing
stage, the filtering module 8 being interposed between the
first and second blocks of the processing stage.

This advantageously makes it possible to perform highly
complex calculations (for extracting the parameters that
require such calculations) only on significant pulses, so as to
avoid wasting resources and hence time processing data that
will inevitably be overwritten, that is to say, whose transfer to
output will inevitably be disabled (that is, inhibited).

It should also be noted that the second block 6B of the
processing stage might not perform any calculation where all
the significant parameters are extracted in the first block 6 A of
the processing module, that is, upstream of the filtering mod-
ule 8.

As regards the method of defining the filtering area from
the reference values of the filtering parameters, attention is
drawn to the following.

The instrument 1 comprises at least one pair of reference
values for the phase parameter and at least one pair of refer-
ence values for the amplitude parameter, defining at least one
corresponding rectangular filtering area in the reference plane
g-fhaving as its coordinates the phase and amplitude param-
eters. In practice, two pairs of reference values of the param-
eters q and f constitute two pairs of coordinates, for identify-
ing two points in the reference plane g-f. These points define
one of the diagonals of the rectangle.

The filtering module 8 is designed to disable substantially
in real time the transfer to output of the data relating to (that
is, the values of the parameters extracted for) all the pulses
whose extracted amplitude and phase parameter values lie in
the representation plane q-f inside (or outside) the filtering
area.

According to the invention, the filtering module 8 may be
provided with a plurality of reference values for the amplitude
parameter q and a corresponding plurality of reference values
for the phase parameter f, thus defining a plurality of filtering
areas.

In that case, the filtering module 8 is configured to define a
resultant filtering area that is the union ofthose filtering areas.

Operatively, the filtering module 8 is designed to disable
substantially in real time the transfer to output of the data
relating to (that is, the values of the parameters extracted for)
all the pulses whose extracted amplitude and phase parameter
values lie in the representation plane, inside, or alternatively,
outside, all of those filtering areas.

According to another aspect of the invention, preferably,
the filtering module 8 is designed to disable, substantially in
real time, the transfer to output of the data relating to (that is
of the parameter values extracted for) one or more pulses, as
a function of comparing the extracted values for the shape
parameter (or rather, at least one of the possible shape param-
eters correlated with the waveform of the pulses detected)
with predetermined reference values for said shape param-
eter.

Preferably, the filtering module 8 is designed to disable
substantially in real time the transfer to output of the data
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relating to (that is of the parameter values extracted for) all the
pulses whose extracted values of the first and second shape
parameters (W and T) lie in a reference plane W-T having as
its coordinates said first and second shape parameters inside
(or, alternatively, outside) a filtering area defined by prede-
termined reference values of the first and second shape
parameters.

The above description regarding the preferred method of
defining the filtering area through rectangles or a union of
rectangles also applies to filtering as a function of the values
of the shape parameters W and T.

Thus, the instrument 1 is designed to define two (or more)
independent filtering criteria.

In the example described above, the first filtering criterion
is based on the values of the parameters of amplitude q and
phase f, and the second filtering criterion is based on the
values of the first shape parameter W and of the second shape
parameter T.

The reference values of each pair of filtering parameters
define corresponding filtering areas in the respective refer-
ence planes (more specifically, a first filtering area in the
plane g-f and a second filtering area in the plane W-T).

In light of this, it should be noted that the filtering logic
defined by the filtering module 8 (and settable by the user of
the instrument 1 through the interfacing means 9) can be
configured in such a way that transmission of the data corre-
sponding to a pulse is disabled when both the filtering criteria
are met simultaneously or, alternatively, when at least one of
the filtering criteria is met.

In light of this, it should be noted that the filtering module
8 is designed to disable substantially in real time the transfer
to output of the data relating to (that is, the values of the
parameters extracted for) all the pulses whose extracted
amplitude and phase parameter values lie in the reference
plane g-f inside (or outside) the corresponding filtering area
(defined by the reference values of the phase and amplitude
parameters) and/or whose extracted values of the first and
second shape parameters lie in a reference plane W-T inside
(or outside) the corresponding filtering area (defined by the
reference values of the first and second shape parameters).

The combination of a filtering criterion based on the ampli-
tude and phase parameters and a filtering criterion based on
the shape parameters is particularly effective because it syn-
ergically combines the effects of both filtering criteria.

In effect, the filtering criterion based on the amplitude and
phase parameters is very important because the pulses relat-
ing to a partial discharge activity tend to be positioned in
certain zones of the reference plane g-f. Similarly, the pulses
due to certain disturbances (for example, the disturbances
correlated with the voltage applied to the electrical apparatus
being measured) are positioned in zones of the plane g-f
different from those of the pulses relating to the partial dis-
charges and thus able to be recognized and isolated. It is
therefore important to be able to exclude certain zones of the
plane g-f from acquisition.

The filtering criterion based on the shape parameters is also
useful because it has been found that pulses relating to dif-
ferent sources tend to have different waveforms and hence to
be positioned in separate zones of the reference plane W-T.
Therefore, pulses due to certain disturbances (for example,
background noise) are positioned in zones of the plane W-T
different from those of the partial discharge pulses and can
thus be recognized and isolated. It should be noted, on the
other hand, that at times these unwanted pulses (for example,
due to background noise not correlated with the voltage
applied to the electrical apparatus being measured) are laid (at
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least partly) over the pulses corresponding, in the plane g-f, to
the partial discharges and are thus difficult to isolate in the
plane g-f.

In short, as regards groups of pulses corresponding to con-
current phenomena (hence detected during the same acquisi-
tion having predetermined duration) that must be distin-
guished (in order to inhibit acquisition of one or more of these
phenomena), certain groups may, depending on circum-
stances, be distinguishable in relation to certain parameters or
combinations of parameters rather than others.

In the example illustrated (with reference to FIG. 2 in
particular), the numeral 11 denotes rectangles defined in the
plane g-f (showing the PRPD pattern of the partial discharge
pulses). The resultant filtering area relating to the filtering
criterion based on the amplitude and phase parameters is the
union of the areas defined by the rectangles 11. In this
example, the filtering logic is to disable transfer of the data
that fall within the resultant filtering area.

Again in the example illustrated (with reference to FIG. 3
in particular), the numeral 12 denotes a rectangle defined in
the T-W plane (showing the pattern of the partial discharge
pulses). The filtering area relating to the filtering criterion
based on the amplitude and phase parameters is the union of
the areas defined by the rectangles 11. In this example, the
filtering logic is to disable transfer of the data that fall within
the resultant filtering area.

FIGS. 4 and 5 show the data of the filtered digital signal 7
represented in the planes g-f and W-T, respectively.

It should be noted that, instead of rectangles, the areas
might be defined in other ways—for example, the areas might
be circular or ellipsoidal or based on any other suitable crite-
rion.

According to another aspect of the invention, combinations
of more than two parameters might be used.

In other words, hyperspaces might be defined which have
any predetermined number of dimensions, equal to the num-
ber of filtering parameters to be used in combinations.

For example, a filtering criterion to be set might be based
on a combination of the amplitude parameter q, the phase
parameter f and one (or both) of the shape parameters W and
T.

According to another aspect of the invention, combinations
ofpairs of parameters other than those described above might
be used—for example the following combinations:

amplitude parameter g-first shape parameter W;

amplitude parameter g-second shape parameter T;

phase parameter f-first shape parameter W;

phase parameter f-second shape parameter T;

Preferably, therefore, the filtering module 8 is designed to
disable substantially in real time the transfer to output of the
data relating to (that is of the parameter values extracted for)
all the pulses whose extracted values of the shape parameter
and of the amplitude parameter or of the phase parameter lie
in a reference plane having as its coordinates the shape
parameter and the amplitude or phase parameter inside a
filtering area defined by predetermined reference values of
the shape parameter and of the amplitude or phase parameter.

It should be noted that the instrument 1 also preferably
comprises a display 13 connected to the processing stage 6
(that is, to the output stage 5) for receiving the processed
signal 7.

The display 13 (for example, comprising a screen con-
nected to a processor, such as a PC) is designed to display a
representation of the pulses represented in the processed digi-
tal signal 7 in a representation plane having as its coordinates
the phase and amplitude parameters.
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More specifically, the display 13 is configured to represent
the pulses as points in the reference plane g-f (as illustrated
for example in FIGS. 2 and 4).

The display 13 is also designed to display a representation
of'the pulses represented in the processed digital signal 7in a
representation plane T-W having as its coordinates the first
and second shape parameters.

More specifically, the display 13 is configured to represent
the pulses as points in the reference plane W-T (as illustrated
for example in FIGS. 3 and 5).

The display 13 is also designed to represent the pulses of
the processed digital signal 7 in any representation plane,
defined by two or three parameters selectable by the user of
the instrument 2.

In light of this, it should noted that the display 13 is con-
nected to the interfacing means 9 to allow the user of the
instrument 1 to select at his/her discretion the parameters for
displaying the pulses and to set corresponding reference val-
ues and filtering logics related to those parameters.

Further, the interfacing means 9 are configured to consti-
tute a selector connected to the display 13 to allow the user of
the instrument 1 to select (that is, to define) at least one region
of the representation plane (or rather, of at least one of the
representation planes or spaces), so as to transfer to the pro-
cessing unit corresponding values of the filtering parameters
describing the selected space region. These values constitute
the reference values for the filtering module 8 and the selected
space region constitutes the filtering area.

This advantageously allows the user of the instrument 1 to
display the discharge patterns (for example the PRPD pattern
in the plane q-f or the pattern in the plane T-W) and to very
easily select the filtering areas (for example by drawing rect-
angles with a mouse) and set the filtering criteria.

That way, the effects of filtering are displayed by the dis-
play 13 in real time on all the representations (in the example
described, on the representation in the plane g-f and in the
plane W-T).

Advantageously, that means the effects of filtering can be
viewed in real time and the set filtering criteria improved or
removed.

This invention also provides a method for detecting partial
electric discharges in an electrical apparatus.

The method comprises the following steps:

receiving at the input stage 2 a discharge signal 3 represen-

tative of one or more partial discharge pulses and the
sync signal 4 representative of the alternating voltage
applied to the electric apparatus being measured;

processing the discharge signal 3 and the sync signal 4

substantially in real time, that is to say, without the need
to archive data in a memory, in order to extract in real
time for each pulse detected at least the value of the
amplitude parameter q (correlated with the pulse ampli-
tude), and the value of the phase parameter f (represen-
tative of the phase of the voltage applied to the electric
apparatus concurrently with the pulse);

transferring to output a processed digital signal 7 compris-

ing the values extracted.

According to the invention, the processing step comprises
the following steps:

comparing the values extracted for the amplitude and phase

parameters with the predetermined reference values for
the amplitude and phase parameters;

disabling substantially in real time the transfer to output of

the data relating to (that is of the parameter values
extracted for) one or more of the pulses as a function of
the comparison.
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Preferably, the comparison involves checking whether or
not the extracted amplitude and phase parameter q, f values
(lying in the reference plane g-f having as its coordinates the
phase and amplitude parameters) are inside a filtering area
defined by the reference values of the phase and amplitude
parameters.

Preferably, the method comprises:

a step of generating at the input stage 2 a digital represen-
tation of the full waveform of the one or more pulses, in
order to output a digitized discharge signal;

a step of extracting substantially in real time, for each pulse
detected, the value of at least one shape parameter, cor-
related with the pulse waveform;

comparing the values extracted for the shape parameter
with the predetermined reference values for the shape
parameter.

The step of disabling substantially in real time the transfer
to output of the values of the parameters extracted for the
pulses is performed also as a function of the comparison
(which constitutes a further filtering criterion based on the at
least one shape parameter).

The method preferably further comprises:

a step of extracting substantially in real time for each
detected pulse the value of the first shape parameter W
(correlated with the frequency content of the pulse) and
of the second shape parameter T (correlated with the
duration of the pulse);

a first step of comparing the values extracted for the ampli-
tude and phase parameters with the predetermined ref-
erence values for the amplitude and phase parameters,
by checking whether or not the amplitude and phase
parameter values extracted lying in the reference plane
g-f (having as its coordinates the amplitude and phase
parameters) are inside a filtering area defined by the
amplitude and phase parameter reference values;

a second step of comparing the values extracted for the first
and second shape parameters with the predetermined
reference values for the first and second shape param-
eters, by checking whether or not the first and second
shape parameter values extracted lying in the reference
plane W-T (having as coordinates the first and second
shape parameters) are inside a filtering area defined by
the first and second shape parameter reference values.

That allows two filtering criteria to be defined in parallel.

In that case, the step of disabling substantially in real time
the transfer to output of the values of the data relating to (that
is of the parameter values extracted for) the pulses is per-
formed as a function of the occurrence of a condition based on
the first comparing step and/or a condition based on the sec-
ond comparing step.

In effect, according to the above description of the instru-
ment 1, the two filtering criteria (the one associated with the
amplitude and phase parameters and the one associated with
the shape parameters) can be combined by an “AND” or an
“OR” logical operator.

In other terms, the filtering criteria can be combined in such
a way that the outputting of a pulse is disabled (inhibited) if it
lies in the filtering area associated with the amplitude and
phase parameters and at the same in the filtering area of the
shape parameters a pulse (filtering criteria connected by
“AND” operator).

Alternatively, the filtering criteria can be combined in such
away that the outputting of a pulse is disabled (inhibited) if at
least one of the following conditions is true:

the pulse lies in the filtering area associated with the ampli-
tude and phase parameters;
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the pulse lies in the filtering area associated with the shape
parameters.

That corresponds to the condition where the filtering cri-

teria are connected by the “OR” operator.

As regards the mode of defining the filtering area, what is
described above in connection with the instrument 1 applies.

Preferably, the area is defined by indicating one or more
rectangles directly onthe display 13. Each rectangle is used to
define a portion of the representation plane of the pulses
detected (that is, the plane g-f, W-T or any other plane defined
by any pair of extracted parameters).

Selecting a rectangle allows corresponding reference val-
ues for the respective parameters to be set (through the action
of the interfacing means 9).

If more than one rectangle is selected in the same repre-
sentation plane, the resultant filtering area is the union of the
areas of all the rectangles.

This invention therefore offers the following advantages.

The invention provides the user (that is, the person who
employs the instrument 1 or the method) with a mode of
acquiring partial discharges that makes it possible to capture
or reject pulses while they are actually being acquired on the
basis of the amplitude and phase or other parameters associ-
ated with them.

In particular, the invention makes it possible to shape the
areas in one or more reference planes (pulse representation
planes) by means of superposable rectangles.

The total area (resultant) may be defined as the area where
the pulses are rejected or the area where the pulses are cap-
tured (in the latter case, the rejection area is the one surround-
ing the selected resultant area) based on the set filtering logic.

Thus, the invention provides a very convenient and effec-
tive way of rejecting unwanted data at the acquisition stage
and in real time (that is to say, before the data has been
transferred to output or stored somewhere).

That way, space for storing the acquired data is saved and
data transmission is greatly facilitated. Moreover, there is no
need for complex techniques for rejecting unwanted data at a
post-processing stage.

Further, thanks also to immediate visual feedback, the user
has direct control over the data being detected and on the
effect of the filters.

In light of this, it should be noted that the values of the
amplitude and phase parameters, and possibly of the shape
parameters, of all the pulses (including the rejected one) are in
any case made accessible to the display 13 to allow the user to
check what the result of acquisition would be in the absence
of filtering.

The invention claimed is:

1. An instrument for detecting partial electric discharges in
an electric apparatus, comprising:

an input stage set up to receive a discharge signal repre-
sentative of one or more partial discharge pulses and a
sync signal representative of an alternating voltage
applied to the electric apparatus;

an output stage set up to transfer data from the instrument
in digital form;

a data processing stage connected both to the input stage
and to the output stage, for receiving the discharge signal
and the sync signal, and extracting substantially in real
time for each pulse detected the value of an amplitude
parameter, correlated with a pulse amplitude, and the
value of a phase parameter, representative of the phase of
the voltage applied to the electric apparatus concurrently
with the pulse, and transferring substantially in real time
to the output stage a processed digital signal comprising
the values extracted,
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wherein the processing stage comprises a filtering module
set up to disable substantially in real time the transfer to
output of the values of the parameters extracted for one
or more pulses, as a function of comparing the values
extracted for the amplitude and phase parameters with
predetermined reference values for the amplitude and
phase parameters,

wherein the filtering module is designed to disable substan-

tially in real time the transfer to output of the values of
the parameters extracted for all the pulses whose
extracted amplitude and phase parameter values lie in a
reference plane having as its coordinates the phase and
amplitude parameters inside or outside a filtering area
defined by the reference values of the phase and ampli-
tude parameters,

wherein the processing stage has a first block positioned

upstream the filtering module and

wherein the amplitude parameter and the phase parameter

are extracted in real time in the first block of the pro-
cessing stage, upstream the filtering module,

wherein the instrument comprises an interface for interact-

ing with a user and a display for displaying a pattern
representative of a plurality of acquired pulses posi-
tioned in said reference plane shown on the display, and
wherein the processing stage is configured for setting
said filtering area in response to a portion of said refer-
ence plane drawn by the user directly on the display
through the interface.

2. The instrument according to claim 1, wherein

the input stage is designed to generate a digital represen-

tation of the full waveform of the one or more pulses, in
order to output a digitized discharge signal;
the processing module is designed to receive the digitized
discharge signal and, for each pulse detected, to extract
substantially in real time the value of at least one shape
parameter correlated with the waveform of the pulse;

the filtering module is set up to disable substantially in real
time the transfer to output of the values of the parameters
extracted for one or more pulses, as a function of a
comparing the values extracted for the shape parameter
with predetermined reference values for that shape
parameter.

3. The instrument according to claim 2, wherein:

the processing module is designed to extract substantially

in real time, for each detected pulse of the digital dis-
charge signal, the value of a first shape parameter, cor-
related with the frequency content of the pulse, and of a
second shape parameter, correlated with the duration of
the pulse;

the filtering module is designed to disable substantially in

real time the transfer to output of the parameter values
extracted for all the pulses whose extracted values of the
first and second shape parameters lie in a reference plane
having as its coordinates the first and second shape
parameters inside or outside a filtering area defined by
predetermined reference values of the first and second
shape parameters.

4. The instrument according to claim 2, wherein the filter-
ing module is designed to disable substantially in real time the
transfer to output of the parameter values extracted for all the
pulses whose extracted values of the shape parameter and of
the amplitude parameter or phase parameter lie in a reference
plane having as its coordinates the shape parameter and the
amplitude or phase parameter inside or outside a filtering area
defined by predetermined reference values of the shape
parameter and of the amplitude or phase parameter.



US 9,400,305 B2

15

5. The instrument according to claim 3, wherein the filter-
ing module is designed to disable substantially in real time the
transfer to output of the parameters values extracted for all of
the pulses for which at least one of the following conditions is
verified:

extracted values of the amplitude and phase parameters lie
in a reference plane having as its coordinates the phase
and amplitude parameters, inside or outside a filtering
area defined by the reference values of the amplitude and
phase parameters;

extracted values of the first and second shape parameters
lie in a reference plane having as its coordinates the first
and second shape parameters, inside or outside a filter-
ing area defined by the reference values of the first and
second shape parameters.

6. The instrument according to claim 1, comprising:

a display designed to receive the processed signal and to
display a representation of the related pulses in a repre-
sentation plane having as its coordinates the phase and
amplitude parameters;

aselector connected to the display, allowing a user to select
at least one region of the representation plane, thereby
setting in the filtering module the values of the phase and
amplitude parameters designed to describe said region
of space, the values constituting reference values for the
filtering module.

7. A method for detecting partial electric discharges in an

electric apparatus, comprising the following steps:
receiving at an input stage a discharge signal representative
of'one or more partial discharge pulses and a sync signal
representative of an alternating voltage applied to the
electric apparatus;

processing the discharge signal and the sync signal sub-
stantially in real time, in order to extract in real time for
each pulse detected the value of an amplitude parameter,
correlated with a pulse amplitude, and the value of a
phase parameter, representative of the phase of the volt-
age applied to the electric apparatus concurrently with
the pulse;

transferring, substantially in real time, to output a pro-
cessed digital signal comprising the values extracted;

wherein the processing step comprises the following steps:

comparing the values extracted for the amplitude and phase
parameters with the predetermined reference values for
the amplitude and phase parameters;

disabling substantially in real time the transfer to output of
the extracted parameters values for the pulses as a func-
tion of the comparison, where the comparison involves
checking whether or not the extracted amplitude and
phase parameter values lying in a reference plane having
as its coordinates the phase and amplitude parameters
are inside a filtering area defined by the reference values
of the phase and amplitude parameters,

wherein the amplitude parameter and the phase parameter
are extracted in real time prior to the step of comparing
and disabling, whereby the steps of comparing and dis-
abling are carried out subsequently with respect to the
extraction of the amplitude parameter and the phase
parameter,
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wherein the method further includes the following steps:

displaying on a display a pattern representative of a plural-
ity of acquired pulses positioned in said reference plane;

setting said filtering area based on a portion of said refer-
ence plane shown on the display, said portion being
drawn by the user on the display through an interface.

8. The method according to claim 7, comprising:

a step of generating at the input stage a digital representa-
tion of the full waveform of the one or more pulses, in
order to output from the input stage a digitized discharge
signal;

a step of extracting substantially in real time, for each pulse
detected, the value of at least one shape parameter, cor-
related with the pulse waveform;

comparing the values extracted for the shape parameter
with the predetermined reference values for the shape
parameter,

the step of disabling substantially in real time the transfer to
output of the values of the parameters extracted for the
pulses being performed also as a function of the com-
parison.

9. The method according to claim 8, comprising:

a step of extracting substantially in real time for each
detected pulse the value of a first shape parameter cor-
related with the frequency content of the pulse, and of a
second shape parameter correlated with the duration of
the pulse;

a first step of comparing the values extracted for the ampli-
tude and phase parameters with the predetermined ref-
erence values for the amplitude and phase parameters,
by checking whether or not the amplitude and phase
parameter values extracted lying in a reference plane
having as its coordinates the amplitude and phase
parameters are inside a filtering area defined by the
amplitude and phase parameter reference values;

a second step of comparing the values extracted for the first
and second shape parameters with the predetermined
reference values for the first and second shape param-
eters, by checking whether or not the first and second
shape parameter values extracted lying in a reference
plane having as coordinates the first and second shape
parameters are inside a filtering area defined by the first
and second shape parameter reference values,

the step of disabling substantially in real time the transfer to
output of the values of the parameters extracted for the
pulses being performed as a function of the occurrence
of a condition based on the first comparing step and/or a
condition based on the second comparing step.

10. The method according to claim 7, comprising the fol-

lowing steps:

displaying on a display a representation of the pulses relat-
ing to the processed signal in a representation plane
having as its coordinates the phase and amplitude
parameters;

displaying on the display a selector to allow user to select
at least one region of the representation plane, thereby
setting in the filtering module the values of the phase and
amplitude parameters designed to describe said region
of space, the values constituting reference values for the
filtering module.
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